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(54) MEDICAL IMAGE DISPLAY DEVICE 
(57)Abstract: 

PURPOSE: To appropriately set the contrast of every 
kind of medical image. 

CONSTITUTION: This device is equipped with a means 2 
which generates the density histogram of the medical 
image, a neural network 3 which finds a window widows 
(WW) and a window leveKWL) that is parameters when 
contrast is adjusted by performing the load sum 
calculation of the data of the density histogram, and a 
leaning means 5 which decides a load to acquire the WW 
and WL appropriately, respectively by learning a various 
kinds of density histograms. The contrast in accordance 
with a various kinds of images can be set by calculating 
the neural network 3 by using the load decided by the 
learning means 5. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Glaim 1] Window WIDOUSU and the window level which are the parameter of contrast 
adjustment of the image picturized by the diagnostic imaging device A means to create the gray 
level histogram of the image which is the medical-application image display device set up to a 
display image, and was picturized by said diagnostic imaging device, With the neural network who 
does load sum count of the data of said created gray level histogram, and outputs said window 
WIDOUSU and window level The medical-application image display device characterized by 
having a study means to learn and determine said neural network's load based on the gray level 
histogram of a variety of images. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the medical-application image display device 
which displays the image of the analyte picturized using diagnostic imaging devices, such as an 
X-ray CT scanner and nuclear-magnetic-resonance fault image pick-up equipment (henceforth 
MRI equipment), and relates to the technique for adjusting the contrast of the image displayed 
especially. 
[0002] 

[Description of the Prior Art] Contrast adjustment of the image displayed on monitors, such as a 
CRT display, is performed by setup with the window level (it abbreviates to WL hereafter) and 
window WIDOUSU (it abbreviates to WW hereafter) in the gray level histogram of an image. The 
trackball for adjusting WL and WW to the image display device with which the monitor was 
installed in fact is prepared, and a doctor, an engineer, etc. who perform the interpretation of 
radiogram of an image are performing contrast adjustment of the image which operates a 
trackball and is displayed on the monitor. In this case, a gray level histogram is not displayed, and 
a setup with WL and WW by actuation of a trackball is processed inside equipment, and is 
reflected in a display image. WW and WL are explained referring to a drawing below. 
[0003] Drawing 1 0 has illustrated the gray level histogram of the image of the analyte picturized 
by the diagnostic imaging device. As everyone knows, a gray level histogram takes out the 
concentration value of each pixel of an image, counts the concentration value and is created. A 
CRT display is mentioned as an example as equipment which displays the image expressed with 
such a gray level histogram. Generally the display gradation value of a CRT display is. Since it is 
256 gradation, the width of face of the concentration value which is the axis of abscissa of a 
gray level histogram is applied to maximum from the minimum value. It is divided into 256. Above 
WW is the parameter which sets the width of face of this concentration value as arbitration, and 
WL shows the thing of the central value of WW. 

[0004] Contrast adjustment is performed towards clarifying the light-and-darkness difference of 
a part (for example, focus part) to carry out the interpretation of radiogram and the part of the 
perimeter. Suppose that he wants to clarify now the light-and-darkness difference of the field of 
A of a gray level histogram shown in drawing 10, As mentioned above, the concentration value of 
a gray level histogram is the whole. Although divided into 256, it is the concentration value of the 
part of this field A. If it divides into 256, the concentration difference in Field A will become 
remarkable, and a light-and-darkness difference will become clear. Namely, what is necessary is 
to set WW as the field A and just to set WL as the central value. It had set up in the former, 
having operated the above-mentioned trackball for this setup of WW and WL to arbitration, and 
looking at contrast change of a display image. 

[0005] By this approach, the contrast adjustment by actuation of a trackball is needed to every 
sheet of a display image. Since a concentration value is large and especially the image picturized 
using MRI equipment changes with the image pick-up approach, the parameters at the time of an 
image pick-up (pulse sequence etc.), or image pick-up parts, the contrast adjustment to every 
sheet of a display image is indispensable. However, request of wanting to attain shortening of 
inspection time amount tends to increase from improvement in the throughput of inspection, or a 
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patient's derating, and if a certain amount of contrast adjustment can be performed, it will be 
said that it is good in many cases. Then, the technique for setting contrast automatically is 
developed, 

[0006] It asks for the function expression (henceforth a valuation plan) which performs 
concentration conversion for acquiring first the value of WW and WL judged to be suitable on the 
average according to the' image pick-up approach, an image pick-up parameter, and an image 
pick-up part in contrast automatic setting of the image picturized with MRI equipment. And the 
gray level histogram of the picturized image is created, this is given to said valuation plan for 
which it asked, and WW and WL are obtained. Contrast adjustment with extent suitable [ that a 
doctor and a way person should just choose the valuation plan according to the image pick-up 
approach, an image pick-up parameter, and an image pick-up part ] which is this is performed 
automatically. Of course, although fine tuning by hand control which was mentioned above to the 
case where he wants to adjust contrast finely is performed, it is the automatic setting technique 
which can exclude the contrast adjustment by troublesome hand control in the case where that 
is not right, and is often used. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the image pick-up approach and image 
pick-up parameter in MRI equipment are very various, and a serious activity draws a valuation 
plan to these all. In addition, a new thing is developed every day every moment toward the 
purpose of shortening of imaging time, and the image pick-up approach and an image pick-up 
parameter have the fault that it cannot respond immediately to the image picturized with the 
new image pick-up approach or the image pick-up parameter. Also to not restricting only to MRI 
equipment, but an X-ray CT scanner, it is the same and it has become a serious activity to draw 
each valuation plan according to the class of the X-ray intensity which carries out exposure to 
analyte, or scanning location. 

[0008] This invention is made in view of such a situation, and aims at offering the medical- 
application image display device which can set automatically the contrast which canceled the 
above-mentioned fault. 
[0009] 

[Means for Solving the Problem] This invention takes the following configurations, in order to 
attain the above-mentioned purpose. This invention namely, window WIDOUSU and the window 
level which are the parameter of contrast adjustment of the image picturized by the diagnostic 
imaging device A means to create the gray level histogram of the image which is the medical- 
application image display device set up to a display image, and was picturized by said diagnostic 
imaging device, With the neural network who does load sum count of the data of said created 
gray level histogram, and outputs said window WIDOUSU and window level It is characterized by 
having a study means to learn and determine said neural network's load based on the gray level 
histogram of a variety of images. 
[0010] 

[Function] According to this invention, a study means learns and determines a neural network's 
load based on the gray level histogram of a variety of images. Using the load determined as a 
result of study, a neural network does load sum count of the gray-level-histogram data of an 
image, and outputs window WIDOUSU and a window level. Here, since window WIDOUSU and the 
window level which are outputted are the value calculated using the load of the result of having 
learned the gray level histogram of a variety of images, they serve as a suitable value 
corresponding to each image expressed with a different gray level histogram. 
[0011] 

[Example] Hereafter, one example of this invention is explained based on a drawing. Drawing 1 is 
the block diagram having shown the outline configuration of the medical-application image 
display device in this example. A histogram creation means 2 to ask for the gray level histogram 
of the image of the analyte picturized by the diagnostic imaging devices 1, such as an X-ray CT 
scanner and MRI equipment, The neural computer 3 (below) which carries out load sum count of 
the data of the created gray level histogram, and calculates the value of WW and WL this — a 
neural network 3 — calling — with a random number generator 4 and a study means 5 by which 
study determines a neural network's 3 load It has the contrast setting section 6 which performs 
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contrast adjustment of an image using the value of WW and WL which were calculated by the 
neural network 3, and CRT display 7 which displays an image. 

[0012] As shown in the notional model of drawing 2 , a neural network 3 has two or more 
neurone N (electronic parts which perform the same load sum processing as a nerve cell) in the 
shape of a layer, does network association of each neurone N by the joint hand called synaptic 
connection C, and is constituted. It considers as the three-layer model of the input layer A, the 
middle class B, and the output layer C, the input layer A is equipped with 30 neurone NA1-NAn, 
the middle class 8 is equipped with 20 neurone NB1-NBm, and two neurone NC1 and NC2 has 
and consists of this example in the output layer G. This number of layers and the number of 
neurone are not specified, but should just set up the number of arbitration. The number of the 
neurone of the output layer C is made into two pieces because the output value of such neurone 
NC1 and NC2 is equivalent to WW and WL. In addition, this neural network 3 may consist of 
hardware, and may be realized by software. 

[0013] Actuation of the medical image display device in this example is roughly divided into two 
flow, first of all — (A) study means 5 — using — the weight of a neural network's 3 synaptic 
connection C — determining — a degree — (B) — the weight of the learned synaptic 
connection C is set as a neural network 3, and contrast adjustment of an actual image is 
performed. Study of the neural network of (A) is explained below. 

[0014] [A-1] Input into the histogram creation means 1 the image used for study. It is desirable 
to input the thing of varieties over a large number as this image for study as much as possible. 
For example, if MRI equipment is used as a medical diagnostic device, they will be various kinds 
of images which changed the image pick-up approach and the image pick-up parameter, 
respectively, and picturized them. The histogram creation means 1 is the number of 
predetermined from the inputted image (for example, 4096 points). A gray level histogram as 
taken out a pixel value, and counted the number of pixels of the same value, for example, shown 
in drawing 10 is obtained. Here, a predetermined number of pixel values are taken out 
irrespective of the size of an image for making regularity the number of samplings for. creation of 
a gray level histogram, 

[0015] And usual The width of face from the minimum value of the concentration value of the 
gray level histogram currently divided into 256 to maximum is divided into 30. This is for making 
it correspond to the number of the neurone NAn a neural network's 3 input layer A, takes the 
average of the concentration value which a gray level histogram adjoins several times, and 
divides a concentration value into 30. 

[0016] Next, the histogram creation means 1 is standardized so that it may be easy to learn the 
created gray level histogram by the neural network 3. The purpose of study is to make the neural 
network who can set up optimal WW and WL uniformly also to the gray level histogram of all 
patterns. Since the gray level histogram of all patterns is made to learn, the maximum of the 
concentration value of a gray level histogram, the minimum value, and the maximum and the 
minimum value of the number of counts are specified, and only a pattern is made to learn. 
Standardization of a gray level histogram is processing for it. For example, it is performed as 
follows. 

[0017] Drawing 3 (a) Each number of counts is changed so that the maximum number of counts 
Y1 of the axis of ordinate of a gray level histogram as shown may be set to "1." Similarly the 
maximum concentration value X2 of the axis of abscissa divided into 30 is specified to "1", and 
the minimum concentration value X1 is specified to "0." In this way, having been standardized is 
this drawing (b). It is a gray level histogram as shown. Drawing 4 (a) When the above 
standardization is performed to the shown gray level histogram, it is this drawing (b). It came to 
be shown. 

[0018] [A-2] Explain below study processing of the neural network 3 by the study means 5, 
referring to the flow chart of drawing 5 and drawing 6 . The flow of one study processing is 
shown in these flow charts. 

[0019] First, a random number is generated towards a neural network 3 at step S1 of drawing 5 
from the random number generator 4 shown in drawing 1 , and let the random-number value be 
the weight of synaptic connection C which has combined each neurone N. The following study 
processings are performed by making into initial value weight set up here, and final weight is 
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determined. In addition, as shown in drawing 7 for simplification of explanation, each class 
observes the i-th neurone. However, i changes to1-n of the neurone NAi of an A horizon, i 
changes to1-m of the neurone NBi of a B horizon, and i of the neurone NCi of C layer changes 
with 1 and 2. 

[0020] The weight of the synaptic connection which combines the neurone NAi of the input layer 
A and Interiayer's B neurone NBi which were set up with the random number generator 4 is 
expressed with Wii, and the weight of the synaptic connection which combines Interiayer's B 
neurone NBi and the neurone NCi of the output layer C is expressed with Wji. 
[0021] Each histogram data (concentration value x number of counts) is inputted into the 
neurone NAi of the input layer A for the gray levei histogram of a certain image standardized 
with the histogram generation means 2 of drawing 1 . Set the value of this histogram data to XAi, 
and let this be the neurone value of Neurone NAi (step S2), 

[0022] At step S3, it is the neurone value XBi of each neurone NBi of interlayer B The following 
formula (1) and (2) It computes. 

XBi-sigma (XAixWii) .... (1) — this (1) sigma of the right-hand side of a formula asks for the total 
when changing i to1-n, and computes first the load sum of the neurone NAi of the input layer A, 
and the weight Wi of synaptic connection. 

XBi=f(XBi') =1/(1+Exp (XBi')) .... (2) Next, this (2) A formula is used and it is (1). It is sigmoid 
function f (X) about the load sum computed by the formula, The neurone value XBi of Neurone 
NBi is computed by substituting. A sigmoid function is expressed with f(X) =1/(1+Exp(X)). 
[0023] En step S4, the neurone value XCi of each neurone NCi of the output layer C is computed 
like step S3. (1) Namely, (2) (The 3) as a formula, and (4) The neurone value NCi is computed 
using a formula. [ same ] 

XCi'=sigma (XBixWji) .... (3) XCi=f(XCi') =1/(1 +Exp (XCi')) .... (4) [0024] It stores in each of these 
computed neurone values and the memory which does not illustrate XAi, XBi, and XCi (step S5). 
[0025] Although the neurone value NCi (1 i= 2) which was spread from the input layer A as 
mentioned above, and appeared in the output layer C is set to WW and WL in a neural network 3, 
respectively, since the weight Wii and Wji of the synaptic connection when being spread is the 
value set up by the random numbers, it does not give now WW with the optimal neurone value 
NCi outputted here, and WL In the following processings, study based on WW by decision of an 
expert and WL is performed, and the weight of synaptic connection is determined. This study 
approach is based on the back pro vacation method (the reverse spreading method) generally 
used. 

[0026] The averages ww and wl of WW and WL by which I had those experts (a doctor, way 
person, etc.) do contrast adjustment, and the everybody at that time set as them how many 
images expressed with step S6 by the gray level histogram inputted at step S2 are calculated. 
And this is inputted into the neurone NCi of the output layer C. 

[0027] At step S7, the values XCi and ww of the neurone NCi of the output layer C and a 
difference with wl are computed, and the study signal DC) is computed in quest of the error Eci 
of Neurone NCi. Eci=NCi-ww (wl). In the case of the neurone NCi of the output layer C, it is 
[0028] from which the error Eci computed here becomes the study signal DCi as it is (DCi=Eci). 
At step S8, the study signal DBi is computed in quest of the error Ebi which each neurone NBi 
of Interlayer B should undertake. Error Ebi is the following (5). It computes using a formula. 
Ebi=sigma (WjixDCi) .... (5) — this (5) A formula is a formula which asks for the load sum of the 
weight Wj1 and Wj2 of the synaptic connection which connects Interiayer's B neurone NBi, and 
the neurone NCi (1 i= 2) of the output layer C, and the study signal DCi of the neurone NCi of 
the output layer G, as shown in drawing 8 . This becomes the error Ebi which should undertake 
Neurone NBi. 

[0029] Next, following (6) The study signal DBi of Neurone NBi is computed using a formula. 
DB'FEbixf (XBi') .... (6) — this (6) f (XBi") of a formula Differential form f (X') of the 
aforementioned sigmoid function It is the formula which carries out the multiplication of the error 
Ebi for which substituted load sum XBi-sigma (XAixWii) of the neurone NBi for which it asked at 
said step S3, and this was asked at step S8. The study signal DBi of each neurone NBi of 
Interlayer B is computed now. 

[0030] In step S9, the study signal DAi is computed in quest of the error Eai which each neurone 
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NAi of the input layer A should undertake similarly. (5) Namely, (6) The following (the 7) as a 
formula, and (8) A formula is used. [ same ] 

Eai=sigma (WjixDBi) .... (7) DAi=Eaixf (XAi) .... (8) [0031] Drawing 9 is referred to. The error Eai 
which the neurone NAi of the input layer A should undertake is acquired by the load sum of the 
weight Wii (i=1-m of the 2nd character) of the synapse convenience which connects Neurone 
NAi and Merlayer's B neurone NBi (i=1-m), and the study signal DBi (i=1-m) of the neurone NBi 
computed at step S8, And the study signal DAi is differential f (XAi) of a sigmoid function, 
however XAi to the acquired error Eai. The multiplication of the value of the histogram data 
(concentration value x number of counts) inputted into Neurone XAi is carried out, and it is 
obtained. 

[0032] At step S10, the weight Wii and Wji of synaptic connection C is changed using the study 
signal and neurone value which carried out [ above-mentioned ] calculation. (Following 9) and 
following (10) types are used for modification of weight. 

de!taWii(n+1) =alpha(DBixXAi) +beta (deltaWii (n)) .... (9) This (9) In a formula. Sign n shows the 
count of modification and the study constant by which alpha is set as arbitration, and beta show 
the stabilization constant set as arbitration. deltaWii (n+1) shows the value of weight changed 
this time, and is deltaWii (n). The value of weight changed last time is shown. There is nothing 
and the value of weight changed last time since it was now and the 1 st study is deltaWii (n). It is 
zero. That is, the weight Wii which connects the neurone NAi of the input layer A and Interlayer's 
B neurone NBi is changed into the value computed by alpha (DBixXAi). 
[0033] 

deltaWji(n+1) =alpha(DCixXBi) +beta (deitaWji (n)) .... The same is said of this (10) (10) type, and 
the weight Wji of the synaptic connection which connects Interlayer's B neurone NBi and the 
neurone NCi of the output layer C is changed into the value computed by alpha (DCixXBi). 
[0034] One study ends the weight of the .synaptic connection which combines the neurone of 
each class as mentioned above by changing once, the value of the weight obtained by the 
above-mentioned processing in the 2nd study — (9), deltaWii (n) of (10) types, and deitaWji (n) It 
is substituted and calculated, alpha of (9) and (10) types and beta are set up so that the value of 
Error Eai, Ebi, and Eci may be supervised and a value with error may decrease in the process 
which repeats this many times. 

[0035] As mentioned above, the purpose of this study is to set up optimal WW and WL uniformly 
also to the gray level histogram of all patterns. Therefore, prepare the image expressed with a 
different gray level histogram of two or more sheets, these images are made to learn over many 
times, and the weight Wii and Wji of final synaptic connection is determined. At this time, it is 
desirable to change the entry sequence foreword of a different image, respectively, and to make 
it learn. For example, after inputting the image of ten sheets one after another and finishing one 
study, respectively, the list of the image often sheets is changed and inputted in the case of the 
2nd study. This is because a neural network 3 learns the list of an image and determines the 
weight of synaptic connection according to it 

[0036] it assumes, also when the image with which concentration values differ in actually 
performing contrast adjustment of an image using the learned neural network 3 is inputted at 
random — it is kicked, and if it is **, there is nothing. Also for the reason, it is desirable to make 
the list of an image change and learn, this invention person is the image pick-up approach which 
is different about this study, MR! image picturized with a different image pick-up parameter 206 
sheets were prepared, and 30,000 study was performed, changing the list of each image. 
Consequently, even if it inputted at random the image with which concentration values differ by 
using the weight Wii and Wji of the set-up synaptic connection, contrast suitable on the average 
was acquired for each. 

[0037] Now, if study processing finishes and the weight Wii and Wji of a neural network's 3 
synaptic connection is determined, contrast adjustment of an actual image will be performed 
using the neural network 3 (processing described with the above-mentioned sign (B)). [B~1] 
Create the gray level histogram which inputted into the histogram creation means 2 which 
showed the data of a display image in drawing 1 first, and was standardized, and input this into a 
neural network 3. 

[0038] [B-2] A neural network 3 performs processing from step S2 of the flow chart shown in 
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drawing 5 to step S4, and calculates the value of the neurone 1 and NC 2 of the output layer C, 
and XC1 and XC2. These neurone values XC1 and XC2 turn into a value of WW and WL. Although 
the value of ww by the expert and wl was inputted into the neurone NC1 and NC2 of the output 
layer C at step S6 of the flow chart shown in drawing 5 , if ww is inputted and learned to 
neurone NC 1 at this time, it will be set to WW which the value XC1 of neurone NC 1 calculates, 
and will become the value of WL which the value XC2 of neurone NC 2 calculates. 
[0039] However, WW calculated here and WL are WW(s) and WL(s) to the gray level histogram by 
which specification was carried out. Since standardization of such a gray level histogram is not 
performed, the image actually displayed on CRT display 6 changes said calculated WW and WL so 
that it can respond to it The following (1 1) and (12) It carries out using a formula. 
WW'=WW (X2-X1) .... (11) WL'=WL(X2-X1>X1 .... (12) [0040] The signs X1 and X2 of an upper 
type are (a) of drawing 3 . They are the minimum value of the shown concentration value, and 
the thing of maximum. With the histogram creation means 1, since the width of face "X2-X1" of 
the minimum value of a gray level histogram and maximum was set as "1-0=1" in order to 
standardize, in order to return this, the multiplication of (X2-X1) is carried out to obtained WW. 
The value WW becomes window WIDOUSU to an actual image. WL — also receiving — being the 
same (X2-X1) — multiplication is carried out and X1 is added further. This has specified X1 to 
"0", as shown in drawing 3 (b), and in order to amend this, it adds X1. Obtained value WL' is a 
window level to an actual image. 

[0041] The previously and this invention person is an MRI image. 206 sheets are prepared, and 
the processing time when asking for WW of an actual image and WL' further using this neural 
network 3, although the purport publication was carried out which performed 30,000 study is 
indicated below by reference, changing the list of each image. Number of pixels 1 28x1 28 With the 
image of size, it is about 0.29 seconds. 256x256 The image of size is also the same and it is 0.29 
seconds. 512x512 By the image of size, it is about 0.43 seconds. By such short time amount, 
WW suitable on the average and WL' were obtained. 

[0042] It is sent to obtained WW and the contrast setting section 6 which showed WL' to 
drawing 1 . The contrast setting section 5 sets up the WW and WL' to an input image, and 
indicates by the output at CRT display 7. 

[0043] If a doctor and a way person look at the displayed image and it is judged that contrast 
adjustment is still more nearly required, as indicated for the conventional example, fine tuning by 
hand control will be performed, but if there is especially no need for fine tuning, it will become 
the contrast automatic setting without entire manual operation. Moreover, since it is in the 
condition that contrast adjustment suitable on the average was performed beforehand even if it 
tunes finely, the actuation becomes easy. 
[0044] 

[Effect of the Invention] By study based on the gray level histogram of a variety of images, the 
medical-application image display device of this invention determined a neural network's load, 
carries out load sum count of the gray-level-histogram data of an image using the determined 
load, and obtained window WIDOUSU and the window level which are the parameter of a contrast 
setup so that clearly from the above explanation. Therefore, suitable window WIDOUSU and the 
suitable window level for each are obtained also to the image expressed with a different gray 
level histogram. Since it is not necessary to draw the valuation plan according to the class of 
image and and study based on the gray level histogram of a variety of images is performed like 
before, it can respond also to the image of a new class immediately, and suitable contrast can be 
set automatically. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI ars not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 

3. [n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram having shown the rough configuration of the medical- 
application image display device concerning one example of this invention. 
[Drawing 2] It is drawing which modeled a neural network's configuration notionally. 
[Drawing 3] It is drawing explaining standardization processing of a gray level histogram. 
[Drawing 4] It is drawing which similarly explains standardization processing of a gray level 
histogram. 

[Drawing 5] It is the flow chart which showed the flow of one study processing. 
[Drawing 6] It is a flow chart following drawing 5 . 

[Drawing 71 It is drawing which modeled a part of a neural network's configuration notionally. 
[Drawing 8] It is the model Fig, of the neural network who showed the situation of study by the 
back pro vacation method. 

[ D ra w in g 9 ] Similarly, it is the model Fig. of the neural network who showed the situation of 
study by the back pro vacation method. 

[Drawing 101 In the conventional technique, it is a gray level histogram explaining window 
WIDOUSU which is the parameter of contrast adjustment of an image, and a window level. 
[Description of Notations] 

1 ... Diagnostic imaging device 

2 ... Histogram creation means 

3 ... Neural network 
5 ... Study means 



[Translation done.] 
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